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[57] ABSTRACT 
A method of fabricating a semiconductor device com 
prises the steps of forming oxidation-resistive ?lms on 
the surface and sides of a protrusion formed on a semi 
conductor substrate, forming grooves at the bottom of 
the sides of the protrusion, forming highly doped impu 
rity diffusion regions in the groove surfaces, and sub» 
jecting the grooves to selective oxidation to form an 
oxide ?lm under the bottom of the protrusion while a 
highly doped impurity diffusion region is formed, and 
forming a device in the protrusion. 

12 Claims, 12 Drawing Figures 
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METHOD OF FORMING ISOLATED ISLAND 
REGIONS IN A SEMICONDUCTOR SUBSTRATE 
BY SELECTIVE ETCHING AND OXIDATION AND 

DEVICES FORMED THEREFROM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method of fabricating a 

semiconductor integrated circuit device having high 
density and suitable for high speed operation. 

2. Description of the Prior Art 
Semiconductor integrated circuits show promise as 

devices which can provide high density, high speed and 
low power consumption. However, there is one prob 
lem which must be overcome before these advantages 
can be effectively implemented. It is a parasitic capaci 
tance. Its reduction may permit a higher-speed lower 
power-consumption device to be manufactured. Thus, 
many attempts have been made to reduce parasitic ca 
pacitance. ' 

One example is a method whereby monocrystalline 
insulating substrate, e.g., sapphire is employed to effect 
vapor growth of silicon thereon. This substrate is nor 
mally called a SOS (Silicon On Sapphire). 
FIGS. 10 to 1d show the steps employed in carrying 

out this method. In FIG. 1a, a silicon layer is grown on 
a sapphire substrate 1 by a vapor growth method and 
then an n-type impurity is diffused thereinto, which 
changes the silicon layer into an n+ layer 2. Next, as 
shown in FIG. 1b, a silicon oxide ?lm 4 and a silicon 
nitride ?lm 5 are formed on the area which is to be an 
island region of the n-type region 3 and thereafter the 
n-type region 3 is etched in the direction of depth. 
Then, as shown in FIG. la, a selective oxidation is per 
formed using the silicon nitride ?lm 5 as a mask thereby 
to form a silicon oxide ?lm 6 the bottom of which 
reaches the sapphire substrate 1, and thereafter the sili 
con oxide ?lm 4 and silicon nitride 5 are removed. Fi 
nally, as shown in FIG. 1d, a base region 7 and emitter 
region 8 are diffused into the n-type island region 3 
which is surrounded by the sapphire substrate 1 at its 
bottom and by the silicon oxide ?lm 6 at its side, and 
thereafter an emitter electrode 9, a base electrode 10 
and a collector electrode 11 are formed in ohmic 
contact with the emitter region 8, the base region 7 and 
the n+ type layer 2, thereby obtaining an npn bipolar 
transistor. 
The device fabricated by the method described above 

possesses the excellent feature of low parasitic capaci 
tance which is attributable to the complete separation of 
the island region by an insulator, but also possesses the 
following defects: 

( 1) It is expensive since monocrystalline sapphire is 
used as a substrate 

(2) A heat treatment at high temperature during the 
fabrication process of the device evaporates or diffuses 
alumina (A1203) from the sapphire substrate, which 
contaminates an electric furnace, etc. 
Due to these two defects, the above device has not 

been widely used. 
Japanese Patent Application Kokai (Laid-Open) No. 

8346/84 speci?cation discloses another method of com 
pletely separating a device area by an insulator. In this 
method, an n+ buried region below a monocrystalline 
silicon layer is subjected to anisotropic etching, and 
then the n+ type region thus left beneath the monocrys 
talline silicon layer is oxidized to completely separate 
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2 
the monocrystalline silicon region by the thus formed 
oxide ?lm. This monocrystalline silicon layer is made of 
an epitaxial layer which is grown on a monocrystalline 
silicon substrate having the n+ buried region on its 
surface. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to provide 
a method of fabricating a semiconductor device in 
which both parasitic resistance and parasitic capaci 
tance are reduced by forming an oxide ?lm on the bot 
tom area of a device area and a heavily doped impurity 
region is simultaneously formed on an entire bottom 
area of a device area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a to 1d show sectional views of the steps 
employed in fabricating a conventional bipolar transis 
tor using an SOS substrate. 
FIGS. 2a and 2f show sectional views of the steps 

employed in fabricating a bipolar transistor according 
to one embodiment of this invention. 
FIGS. 3a to 3b show sectional photographs of the 

steps employed in fabricating one embodiment of this 
invention. ; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 20 to 2f show sectional views of the steps 
employed in fabricating one embodiment of this inven 
tion. 

First, as seen from FIG. 2a, a silicon oxide ?lm 102 
having a thickness of 500-1000 A is formed on an n-type 
silicon substrate 101 by thermal oxidation and thereafter 
a silicon nitride ?lm 103 having a thickness of about 
1000-1500 A is formed on the silicon oxide ?lm 102 by 
a low-pressure CVD method. This silicon nitride ?lm 
103 is employed as a mask for selective oxidation and 
the silicon oxide ?lm 102 acts as a buffer ?lm for stress 
applied to the substrate during the selective oxidation. 
The silicon nitride ?lm 103 and the silicon oxide ?lm 
102 are plasma-etched away by CF4 gas, for example, 
by using a resist patterned on a device region as a mask. 
Subsequently, the silicon substrate 101 is reactive-ion 
etched vertically using CClzFz gas, for example, 
thereby to form a protrusion 101 A. The protrusion 101 
A extends from a base portion of the silicon substrate 
101. 

Next, as seen from FIG. 2b, the silicon substrate 101 
is subjected to thermal oxidation to forma silicon oxide 
?lms 104 having a thickness of 500-1000 A and thereaf 
ter second silicon nitride ?lms 105 having a thicknes of 
1000-1500 A are formed on the entire resultant surface 
by a low-pressure CVD method. Thereafter, the silicon 
nitride ?lms 105 are anisotropically etched through a 
reactive ion etching method by using CC12F2 gas for 
example to leave the silicon nitride ?lms 105 on only the 
sides of the protrusion 101 A. 
Then, as shown in FIG. 2c, the silicon oxide ?lms 104 

are removed and thereafter the silicon substrate 101 is 
isotropically etched by wet etching, for example to 
form groove portions 106 at the bottoms of the sides of 
the protrusion 101 A. 

Next, as shown in FIG. 2d, 11 impurities such as phos 
phorous are diffused with high impurity concentration 
from the vapor phase thereby to form n+ regions 107. 
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Then, as shown in FIG. 2e, the groove portions 106 
are selectively oxidized by using the silicon nitride ?lms 
103 and 105 as a mask. Then, silicon oxide ?lms 108 are 
formed to extend laterally from the grooves so that the 
adjacent oxide ?lms thus laterally extended are con 
nected with each other at the bottom of the protrusion 
101 A with the width in one direction being narrowed, 
and thus the oxide ?lm is formed at the entire bottom of 
the protrusion. Then, the impurities of the n+ regions 
107 are simultaneously diffused to form an n+ region at 
the entire bottom of the protrusion 101 A over the oxide 
?lm 108. 

Next, as shown in FIG. 2}? an insulating ?lm such as 
a polycrystalline silicon ?lm 109 is deposited on the 
entire resultant surface by a low-pressure CVD method 
and the surface so formed is smoothed by the etch-back 
method. Thus, the polycrystalline silicon ?lms 109 are 
buried at the sides of the protrusion 101 A. Thereafter 
oxide ?lms 110 are formed on the polycrystalline silicon 
?lms 109. Next, the silicon nitride ?lm 103 and the 
silicon oxide ?lm 102 over the protrusion 101 A are 
removed, and thereafter a p type base region 111 and an 
n+ type emitter region 112 are formed by the conven 
tional technique so as to complete an npn bipolar tran 
sistor. Incidentally, the n+ region 107 acts as a buried 
collector region. 
FIGS. 3a and 3b show sectional photographs of the 

resultant device fabricated according to the steps of one 
embodiment of this invention as mentioned above. FIG. 
3a shows a sectional photograph at the step of forming 
grooves at the bottoms of the sides of a protrusion 
which has been explained referring to FIG. 2c. The 
height of the protrusion is about 3 pm. FIG. 3b shows a 
sectional photograph at the step of burying polycrystal 
line silicon ?lms at the sides of the protrusion after 
forming an oxide ?lm at the bottom of the protrusion, 
and oxidizing the polycrystalline silicon ?lm surfaces 
which has been explained referring to FIG. 2]? Inciden 
tally, the thickness of the oxide ?lm 108 is about 2 pm. 

In the embodiment described above in detail, in order 
to completely isolate electrically by an oxide ?lm, the 
oxide ?lm is formed at the entire bottom of the protru 
sion, but a part of the bottom of the protrusion can be 
connected with the substrate. 
Although there has been explained the case where 

insulating ?lms are buried at the sides of the protrusion 
in order to smooth the resultant surface, the protrusion 
may be employed as it is. 

Further, although there has been described the case 
where polycrystalline silicon ?lms are buried at the 
sides of the protrusion by the CVD method, CVD oxide 
?lms may be buried. 
Moreover, in order to prevent the lift-off of the sili 

con nitride ?lms on the sides of the protrusion when 
selective oxidation is performed to form the oxide ?lm 
on the bottom of the protrusion by using the silicon 
nitride ?lm as a mask, an insulating ?lm such as a CVD 
SiOg ?lm being 1000-2000 A thick may be formed prior 
to the formation of the above oxide ?lm, and thereafter 
the selective oxidation may be carried out to form the 
oxide ?lm on the bottom of the protrusion by using the 
silicon nitride ?lm as a mask. 

Furthermore, although there has been described the 
case where a bipolar transistor is formed in the protru 
sion, other semiconductor devices or components such 
as a MOS transistor may be formed. 

In accordance with this invention, device regions, 
each of which is isolated at its bottom or its bottom and 
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4 
sides by an insulating ?lm, are formed in a semiconduc 
tor substrate, and a heavily doped buried layer can be 
also formed on the bottom of each of the device regions 
by a diffusion process. And, the device regions and 
heavily doped buried layers are not required to be 
formed by an epitaxial vapor growth method but can be 
formed in the same semiconductor substrate. Thus, this 
invention is advantageous in that it permits a semicon 
ductor device with low parasitic capacitance and resis 
tance to be made with low cost and hence this invention 
is of very high industrial value. 
We claim: 
1. A method of fabricating a semiconductor device 

comprising the steps of 
(a) forming a ?rst oxidation-resistive ?lm on a se 

leeted portion of the surface of a semiconductor 
substrate; 

(b) etching away the portion of said substrate not 
covered by said ?rst oxidation-resistive ?lm to 
form a semiconductor substrate having a base por 
tion and a vertically protruding portion extending 
therefrom, said vertically protruding portion hav 
ing a side surface and an upper surface covered by 
said ?rst oxidation-resistive ?lm; 

(c) forming a second oxidation-resistive ?lm on the 
side surface of said protruding portion of said semi 
conductor substrate; 

(d) etching a groove in_ the side surface of said pro 
truding portion adjacent the base portion of said 
semiconductor substrate; 

(e) diffusing impurities having a high impurity con 
centration into the surface of said groove and base 
portion of said substrate to form a high impurity 
concentration diffusion region; 

(f) heat treating said semiconductor substrate in an 
oxidizing atmosphere to form an oxide ?lm in said 
groove by using said ?rst and second oxidation 
resistive ?lms as a mask, said oxide ?lm extending 
horizontally and transversely with respect to said 
diffusion region so that said oxide ?lm substantially 
occupies the region interfacing said protruding and 
base portions of said substrate inclusive of said 
groove, whereby said heat treatment develops an 
increased high impurity-concentration diffusion 
region continuously extending above and below 
said oxide ?lm; and 

(g) forming a semiconductor component in the pro 
truding portion of said substrate. 

2. A method of fabricating a semiconductor device 
comprising the steps of 

(a) forming a ?rst oxidation-resistive ?lm on a se 
lected portion of the surface of a semiconductor 
substrate; 

(b) etching away the portion of said substrate not 
covered by said ?rst oxidation-resistive ?lm to 
form a semiconductor substrate having a base por 
tion and a vertically protruding portion extending 
therefrom, said vertically protruding portion hav 
ing a side surface and an upper surface covered by 
said ?rst oxidation~resistive ?lm; 

(c) forming a second oxidation-resistive ?lm on the 
side surface of said protruding portion of said semi 
conductor substrate; 

(d) etching a groove in the side surface of said pro 
truding portion adjacent the base portion of said 
semiconductor substrate; 

(e) diffusing impurities having a high impurity con 
centration into the surface of said groove and base 
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portion of said substrate to form a high impurity 
concentration diffusion region; 

(f) heat treating said semiconductor substrate in an 
oxidizing atmosphere to form an oxide ?lm in said 
groove by using said ?rst and second oxidation 
resistive ?lms as a mask, said oxide ?lm extending 
transversely with respect to said diffusion region so 
that said oxide ?lm is formed in the entire area 
interfacing said protruding and base portions of 
said substrate and also forms a high impurity con 
centration diffusion region on said oxide ?lm and 
under the entire traverse area of said protruding 
portion; 

burying an insulating ?lm along the surface of said 
protruding portion; and 

(g) forming a semiconductor component in the pro 
truding portion of said substrate. 

3. A method according to claim 1, wherein step (0) 
comprises forming said oxidation-resistive ?lm on the 
entire surface of said semiconductor substrate followed 
by the anisotropic etching thereof. 

4. A method according to claim 1, wherein step (f) 
includes forming an insulating ?lm over said second 
oxidation-resistive ?lm prior to subjecting said substrate 
to said heat treatment. 

5. A method according to claim 1, wherein the semi 
conductor component formed in step (g) is a bipolar 
transistor having a buried collector region formed of 
said increased high impurity-concentration diffusion 
region. 

6. A method according to claim 2, wherein an oxide 
?lm is formed on the entire area at the interface between 
said protruding and base portions of said semiconductor 
substrate. 

7. A method according to claim 2, wherein step (0) 
comprises forming said oxidation-resistive ?lm on the 
entire surface of said semiconductor substrate followed 
by the anisotropic etching thereof. 

8. A method according to claim 2, wherein step (f) 
includes forming an insulating ?lm over said second 
oxidation-resistive ?lm prior to subjecting said substrate 
to said heat treatment. 

9. A method according to claim 2, wherein the semi 
conductor component formed in step (g) is a bipolar 

6 
transistor having a buried collector region formed of 
said increased high impurity-concentration diffusion 
region. 

10. A method according to claim 2, wherein the ?rst 
insulating ?lm is a CVD Poly-Si ?lm. 

11. A method according to claim 2, wherein the ?rst 
insulating ?lm is a CVD SiO2 ?lm. 
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12. A method of fabricating a semiconductor device 
comprising the steps of 

(a) forming a ?rst oxidation-resistive ?lm on a se 
lected portion of the surface of a semiconductor 
substrate; 

(b) etching away the portion of said substrate not 
covered by said ?rst oxidation-resistive ?lm to 
form a semiconductor substrate having a base por 
tion and a vertically protruding portion extending 
therefrom, said vertically protruding portion hav 
ing a side surface and an upper surface covered by 
said ?rst oxidation-resistive ?lm; 

(c). forming a second oxidation-resistive ?lm on the 
side surface of said protruding portion of said semi 
conductor substrate; 

(d) etching a groove in the side surface of said pro 
truding portion adjacent the base portion of said 
semiconductor substrate; 

(e) diffusing impurities having a high impurity con 
centration into the surface of said groove and base 
portion of said substrate to form a high impurity 
concentration diffusion region; 

(f) heat treating said semiconductor substrate in an 
oxidizing atmosphere to form an oxide ?lm in said 
groove by using said ?rst and second oxidation 
resistive ?lms as a mask, said oxide ?lm extending 
transversely with respect to said diffusion region so 
that said oxide ?lm is formed on the entire area 
interfacing said protruding and base portions of 
said substrate and also forms a high impurity con 
centration diffusion region on said oxide ?lm and 
under the entire transverse area of said protruding 
portion; and 

(g) forming a bipolar transistor having a buried col 
lector region, said buried collector region compris 
ing said diffusion region. 

* * * * t 
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